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Why Java on Kubernetes Needs Tuning

The Problem: Java is powerful, but Kubernetes exposes its traditional weaknesses:

Memory Consumption

Slow Startup (Cold Start)

Traditional JVM startup:
seconds to tens of seconds.

The JVM needs time to warm up
(JIT compilation, class loading).

Large Container Images

Fat JARs + OS layer + JRE =
huge download/deploy times.
A\ y

RSS
(Resident Set Size)

Memory overhead (JVM + libraries).
High RSS due to large JRE overhead.

Container resource limits add pressure.
A y

Java wasn’t initially Cgroup aware. Cost & efficiency matter at scale.



JVM Scaling in Kubernetes
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New (1)

Normal State Traffic Kubernetes Container . { | Kill / Restart
(1Container) Increases Scales Up Starts ; Container
g ?7 Exacerbates
M I warmup, |8
-— Phase Times
Load: Starting... Takes time to start : Kubernetes (4
700 req/sec Load: 192 & fully warm up. Incoming Misinterpretation ‘J
Capacity: 1400 req/sec Containers NOT MEETING requests > Application Thrashing
800 req/sec SLAs Max throughput Unresponsive? Starts additional

instances,
continues loop

Customer Story: Vodafone Greece

Spring Boot misbehaved under load, K8s exacerbated.

: Note on startupProbe:
Solved by moving to Quarkus. o Useful, but doesn't resolve

performance issues.




Performance Goals

Success Criteria for Java in Containerized Environments:

O
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Faster Startup
(Cold + Warm)

Essential for rapid
scaling and serverless
workloads. Reduces
time to first response.

T

Reduced Memory
Footprint

Lowers infrastructure
costs and allows higher

density of application
instances.

|

O

Smaller & Leaner BaCWUES Kubernetes
Containers With Native Java
with Quarkus
: Fastor capigymont A framework designed
times, reduced network

. bandwidth, and smaller
‘ attack surface.

from the ground up for
Kubernetes, optimizing
for all the above criteria.



Toolchain Overview

Jib

Build lean images,
no Dockerfile
required

&

Introduce the tools—each solves different parts of the problem.

GraalVM
Native Image

Faster startup
and lower
footprint

.
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CDS (Class
Data Sharing)

CLASS
DATA

Faster JVM
startup
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CRaC
(Coordinated
Restore at
Checkpoint)

=

Snapshot JVM
state for near-
instant recovery

(—_\

_J

IMPROVEMENTS

JVM-level
improvements to
startup and
footprint

k——)

(—_\

Quarkus

%5

Kubernetes
native Java
framework
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Jib - Lean Container Images

Why Smaller, Layered Images Matter for Faster Kubernetes Rollouts

Traditional Monolithic Image
(Slow Updates)

<> Smart Layering
§(é & Caching

Dependencies and application
code are separated. Only the
changed layer is rebuilt and
pushed, drastically reducing
build and deployment times.

M ‘ G- [f:.:’.]

Direct Build Integration

Builds directly from Maven or
Gradle plugins. No Dockerfile is
required, simplifying the project
structure.

A D oqge eq o

Dependencies (Rarely Changed)

JVM & Libraries

Base 0S

Jib Layered Image
(Fast Updates)

Daemonless @
& Secure
No local Docker daemon is
needed. This improves security
and is ideal for CI/CD

environments without
privileged access.

Simple Command

Build and push with a single
command:

mvn compile jib:build

- Jib

Containerize your Java application.



GraalVM Native Image

Realistic expectations—native image is not a silver bullet.

G Benefits Q Trade-offs
Fast startup

(milliseconds vs. G Longer build time

}
@ ? seconds)
Limited

Native tg;veer RSOy ¢/> | reflection/dynamic
Binary 8 class loading
support

GraalVM.



Quarkus - Framework Level Optimizations

Kubernetes GraalVM Dev Mode & Low Memory
Native Support Rebuilds Footprint
O
ke LG i
Java GraalVM
Quarkus  Traditional
Java
Built for Kubernetes & Native image support Dev mode & fast Lower memory
container-first via GraalVM. rebuilds. footprint than
workloads. traditional Java

stacks.

o



Quarkus offers unequaled performance |

Boot + First Response Time

(Lower is better)

Quarkus
s e, | 2908 ms

Spring
JIT (via Open)DK)

6734 ms

Quarkus
NaNeWBGmaVM)I 67 ms

Spring

Native (via GraalVM) 137 ms

Quarkus: 3.31.3
Spring: 4.0.2

JVM: 25.0.2-tem
GraalVM: 25.0.2-graalce

https://qithub.com/quarkusio/benchmarks

Memory: -Xmx512m -Xms512m
JVM args: -XX:+UseNUMA
CPUS: 4

Source: Qquarkusio/spring~quarkus-perf—comparison
Scenario: tuned

Commit: 152cb4f

Execution date: 2026-02-16 17:12:06


https://github.com/quarkusio/benchmarks

Quarkus offers unequaled performance |l

Memory (RSS after first request)

(Smaller is better)

||
5 o o o
Quarkus

JIT (via Open)DK)
267 MB

Quarkus: 3.31.3
Spring: 4.0.2

JVM: 25.0.2-tem
GraalVM: 25.0.2-graalce

https://qithub.com/quarkusio/benchmarks

Spring
JIT (via Open)DK)
576 MB

Memory: -Xmx512m -Xms512m
JVM args: -XX:+UseNUMA
CPUS: 4

Quarkus
Native (via GraalVM)

76 MB

Source: €) quarkusio/spring-quarkus-perf-comparison
Scenario: tuned

Commit: 152cb4f

Execution date: 2026-02-16 17:12:06

Spring
Native (via GraalVM)
205 MB


https://github.com/quarkusio/benchmarks

Quarkus offers unequaled performance Ill

Throughput

(Higher is better)
Quarkus
JIT (via Open)DK) 19095 tps
Spring
JIT (via OpenJDK) 7093 tps
Quarkus
Native (via GraalVM) 9859 tps
Spring
Native (via GraalVM) 4173 tps
Quarkus: 3.31.3 Memory: -Xmx512m -Xms512m Source: €) quarkusio/spring-quarkus-perf-comparison
Spring: 4.0.2 JVM args: -XX:+UseNUMA Scenario: tuned
JVM: 25.0.2-tem CPUS: 4 Commit: 152cb4f
GraalVM: 25.0.2-graalce Execution date: 2026-02-16 17:12:06

https://qithub.com/quarkusio/benchmarks


https://github.com/quarkusio/benchmarks

CDS - Class Data Sharing
Optimizing Java Startup for Typical Applications

THE SOLUTION: IMPLEMENTATION:
Class Data Sharing (CDS) How to Use CDS

1. Create Shared Archive

THE PROBLEM:

Slow Individual Class Loading

VM1
s [ES)
INDIVIDUNT i
CLASS LOADING

VM2

REDUNDANT WORK g
CLASS & SLOWER STARTUP

FILES A
MEMORY ﬁ ©
OVERHEAD PARSINC

« Traditional Java apps parse class data individually
at startup.

« Leads to redundant work and slower initialization.

* Significant memory overhead for each JVM
instance.

app.jsa
SHARED
ARCHIVE MEMORY-MAP

JVMB
PRE-PARSED

FASTER
STARTUP

METADATA Q\ v
</

JjymC

~ %
\Q FRSTER

STARTOP

Preloads class metadata into a shared, memory-mapped
archive.

JVMs skip parsing, enabling much faster startup./’
Reduces memory footprint by sharing read-only data. {
Works seamlessly with OpenJDK and containers.

-XX:ArchiveClassesAtExit=app.jsa

Run application once to generate the
shared archive file during exit.

2. Use Shared Archive

>

-XX:SharedArchiveFile=app.jsa

Start JVMs using the pre-processed,
memory-mapped data.

Feature

Class Parsing
Startup Time
Memory Usage

Traditional CDS

Individual  Pre-parsed

Slower Faster

Higher Lower
Open)DK

https://openjdk.org/jeps/310




CRaC - Coordinated Restore at Checkpoint

& LU e 2 30 D VB Ly LSS Requires a supported JDK. Promising potential, but still under development. J

" (PR
Traditional ‘_ Peak"
JVM Startup (3 >y I Compllatlon ) Performance

Loading (Warmup) Slow Startup, High Peak (After Warmup)
>
Native Image 0— N m
Startup Instant Startup, Peak
Instant Start Moderate Peak (No JIT) Performance
ear-Instant Startup, High Peak (Immediately) a\ A
CRaC Startup q @— @
(Experimental) ©
Checkpoint Restore Preserved JIT Peak
Optimizations  Performance
4 KEY BENEFIT: Near-Instant Peak Performance IDEAL USE CASES

Preserved JIT  Unlike native images, CRaC restores the application ('/B *
Optimizations state including JIT optimizations, so it runs at peak @ n
SPS St DRI e uptees Ores Serverless Functions  Kubernetes Scaling

CRaC offers a promising future for Java in cloud-native environments, combining O en ] D K
the speed of native images with the performance of the JVM. p



CRaC - Coordinated Restore at Checkpoint

1. Initial Startup 2. Checkpoint 3. Save State 4. Instance 6. Load State 5. Restore
& Warmup Trigger to Disk Terminated from Disk Trigger
App initializes  jemd command JVM saves JVM shuts JVM loads New instance
and JIT issued. memory image. down. memory launched with
optimizes. image. flag.
App running
7. Instant Resume <

at peak speed.

Open)DK



DEMO

Speed up Kube Native Java Development




Demo Scenario

7

LOCAL DEVELOPMENT & PACKAGING
“ RUN QUARKUS DEV MODE
Verify application with REST APIs
@ PACKAGE APP (JVM vs. Native)
Compare startup time & memory footprint

o225, > CONTAINERIZE WITH JIB

Use quarkus-container-image-jib extension

V

VERIFY LOCALLY

podman Verify image via Podman

:> k Verify with REST APIs

KUBERNETES DEPLOYMENT & SCALING
_@_ DEPLOY TO CLUSTER
Q Deploy to OpenShift Dev Sandbox

. VERIFY APPLICATION

03 SET AUTOSCALER
Configure autoscaling rules

Scale from 1 to 100 pods & observe speed

/‘ OBSERVE AUTO SCALING
Illl

. J

https:/github.com/danieloh30/high-perf-kube-java.qit



https://github.com/danieloh30/high-perf-kube-java.git

Practical tuning: Reducing Startup Time

Small Base Image Optimize Image Layering Reduce Application Footprint

AYAVAV{VAAE‘» = Gmm
Frequently Changing Layers || .
(Ap)

p Code) \ A

|

d

XXX

Stable Layers
(Dependencies)

X

a
D

D

Pre-initialize Resources Configure Kubernetes Probes Correctly

/\ %l




Practical tuning: Enhancing Container Efficiency

Resource Data & Logic Runtime Visibility &
Management Optlmlzatlon Environment Analysis

'\ l"”ﬂ
iJ
rl
‘\n -.J)
- = Set appropriate o - Optimize i (( ﬁ Upgrade Java _'I'l— 1 Monitor and analyze
A CPU and RAM limits ‘@‘ database access "” versions uﬂnﬂa resource usage

Select the right Reduce (> Consider o 3 Utilize profiling
“IIW Garbage Collector ’ 5 synchronization ; Kubernetes =S tools

overhead




Key Takeaways

Java can be
Kubernetes-
friendly

ﬁ

Demo showed
measurable
improvements

-6

Quarkus +
Kubernetes
(OpensShift) allows
you to put all tools
together natively
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